Designing cell-permeant phosphopeptides to modulate intracellular signaling pathways.
A central theme in intracellular signaling is the regulatable interaction of proteins via the binding of specialized domains on one protein to short linear sequences on other molecules. The capability of these short sequences to mediate the required specificity and affinity for signal transduction allows for the rational design of peptide-based modulators of specific protein-protein interactions. Such inhibitors are valuable tools for elucidating the role of these interactions in cellular physiology and in targeting such interactions for potential therapeutic intervention. This approach is exemplified by the study of the role of phosphorylation of specific sites on signaling proteins. However, the difficulty of introducing large hydrophilic molecules such as phosphopeptides into cells has been a major drawback in this area. This review describes the application of recently developed cell-permeant peptide vectors in the introduction of biologically active peptides into cells, with particular emphasis on the antennapedia/penetratin, TAT, and signal-peptide based sequences. In addition, the modification of such peptides to increase uptake efficiency and affinity for their targets is discussed. Finally, the use of cell-permeant phosphopeptides to both inhibit and stimulate intracellular signaling mechanisms is described, by reference to the PLCgamma, Grb2, and PI-3 kinase pathways.